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論 文 内 容 の 要 旨 
Economic activities are highly localized in space. In Japan, in the fiscal year of 2010, the three prefectures of 
Tokyo, Aichi, and Osaka accounted for as much as 32% of Japanese GDP, while the area of their DIDs 
accounting for less than 1% of the total inhabitable area of the country. Understanding such unequal spatial 
localization, or agglomeration, of economic activity is important for national infrastructure planning and 
management, which is, in Japan, a sub-discipline of civil engineering. The ultimate aim in this discipline is to 
assess the economic impacts of urban or regional policies (Morisugi, 1978). To this end, a natural question to ask 
would be: “Where, why, and how, such spatial concentrations emerge and evolve over time?”  
As the above question falls into the category of the analysis of economic behavior by human beings, 
there has been a long history of economics to study the sources of agglomeration (Fujita and Thisse, 2013). 
Research fields that deal with the analysis of economic activities in geographical space are traditionally termed 
spatial economics (Fujita et al., 1999). Among many sub-disciplines in spatial economics, we shall highlight two 
specific ones that emphasize the role of second-nature advantages: on one hand, there are intra-urban scale 
models in urban economics, and on the other hand, there are inter-regional scale models in new economic 
geography. Empirical studies based on spatial agglomeration models are increasing in number, reflecting the 
fast-paced developments in econometric methodologies and increasingly available disaggregated data, also 
empowered with high-performance computers.  
There are, however, many unsolved theoretical issues in spatial economics that are raising an alarm on 
such immediate empirical applications, not to mention practical policy analysis for engineering use. In particular, 
we do not have full theoretical understanding of spatial agglomeration behavior in many-location systems, since 
theoretical studies have excessively focused on the two-location setup to draw clear-cut conclusions. The 
question of “why agglomeration?” has long been paid much attention, but another one of “what agglomeration?” 
has not been explored enough. A serious consequence of the lack of theoretical underpinning for agglomeration 
phenomena in multi-location world is that many scholars are not aware of a fundamental watershed between 
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monocentric and polycentric equilibrium patterns in spatial agglomeration models. Even though spatial patterns 
of economic activities are undoubtedly multi-polar, some studies employ monocentric models—models that 
produce only unimodal patterns in stable equilibria—to fit the real-world data.  
To overcome the situation, by developing a unified analytical method, the present thesis make a step 
forward to clarify economic mechanisms behind polycentricity—from intra-city to inter-regional scale. One of 
the reasons for the lack of theoretical understanding would be difficulties in analyzing spatial economic models 
with agglomeration economies; inherent properties such as multiple equilibria, catastrophic bifurcations, path 
dependence have prevented theoretical studies to tackle multi-locations. We employ the racetrack location system 
(Akamatsu et al., 2012) as an ideal testbed that facilitates systematic analysis of—and comparison 
between—spatial agglomeration models. Stochastic stability analysis in collaboration with potential games is 
then introduced as an effective and unified method for global stability analysis of spatial agglomeration models.  
Chapter 1 is the introduction that summarizes theoretical background and the overall purpose of the 
present thesis. 
Chapter 2 shows existence of the two fundamental classes of spatial agglomeration models using 
currently standard equilibrium selection procedure (i.e., local stability analysis). The chapter shows that the first 
class is characterized by its ability for producing endogenous formation of polycentric spatial patterns in stable 
equilibria, while the second class is characterized by its inability for this—models in the second class produce 
only monocentric, unimodal patterns in stable equilibria. Krugman (1991b)’s model is highlighted as a 
representative model for the former class, whereas Helpman (1998)’s for the latter. The chapter shows that the 
major watershed between the two model classes lies in the nature of dispersion forces. The chapter clarifies that, 
a global dispersion force that depends upon distance between locations, for instance spatial competition between 
locations, produces stable polycentric agglomerations. On the other hand, a local, location-specific dispersion 
force, such as competition in location-specific land market, produces only monocentric patterns. In Krugman 
(1991)’s model, spatial competitions between locations produce a global dispersion force; in Helpman (1998), 
local housing costs produce a distance-independent, local one.  
Chapter 3 introduces the global stability analysis method. The chapter first reviews the relevant 
concepts of population games and stochastic stability. A specific class of population games, namely potential 
games, is highlighted as an essential device that considerably simplifies stochastic stability analysis. Equipped 
with knowledge of the contrast between the local and global classes of dispersion forces, we formulate two 
variants of social interaction models, namely the SI and SISC models, that differ in the natures of their dispersion 
forces; the SI model is endowed with a local one, whereas the SISC model a global one. Both models turn out to 
be potential games, thus enabling simplification of stochastic stability analysis. The section then unveils 
characteristics of stochastically stable spatial equilibrium patterns; it is reconfirmed that only a global type of 
dispersion force can produce polycentric agglomeration patterns in stochastically stable equilibria, thereby 
demonstrating robustness of the conclusions of Chapter 2.  
Chapter 4 is devoted to an analysis the Fujita and Ogawa (1982) model, the reference model for 
endogenous formation of polycentric intra-urban configuration. Stability of equilibria, however, has not yet been 
studied since the model is formulated on a continuous space. It has been unclear whether polycentric patterns 
actually emerge from the model. The chapter demonstrates effectiveness of our global stability analysis method 
in analyzing the model, as well as showing the validity the results in the original Fujita and Ogawa’s article. It is 
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shown that the model admits a potential function and, by a natural reduction of the equilibrium conditions, the 
model can be reinterpreted as a potential game with a single-type of agent. Stochastic stability analysis in the 
chapter reveals that the model can produce polycentric spatial patterns in stochastically stable equilibria. The 
Fujita and Ogawa (1982) model does not have a global dispersion force in first glance. In light of the conclusions 
of Chapter 2 and Chapter 3, emergence of polycentricity from the model is a nontrivial result. The chapter then 
shows that the model actually has a distance-dependent dispersion force. It shows that job-choice behavior of 
distance-aware households is the key for the emergence of global class of dispersion force. The result highlights 
the importance of distance-dependent interactions between multiple types of agents in producing polycentric 
agglomeration patterns.  
Chapter 5 concludes the thesis by summarizing the main results of the present thesis and suggesting 
future research directions.  
Overall, the present thesis contributes to systematic understanding of mechanisms behind polycentric 
spatial patterns that are ubiquitously observed in multiple spatial scales—from intra-urban to inter-regional. 
論文審査結果の要旨 
 
 人口・経済活動の空間的集積・分散現象を説明する経済理論は，Thünen (1826) 以降，長年に
わたる膨大な研究蓄積により発展してきた．しかし，従来研究の多くは，集積経済を考慮した立
地モデル（集積経済モデル）で不可避的に発生する複数均衡の取り扱いに関する技術的困難から，



















 本論文は全編 5章からなる． 
 第 1 章は，序論であり，本研究の背景と目的，および論文全体の構成を述べている． 





 第 3 章では，確率安定性概念に基づく大域安定性解析手法を導入し，集積経済モデルの大域安
定均衡解の特性を明らかにする．ここではまず，都心形成現象を表現する Social Interaction 
(SI)モデルのうち，単一種類の立地主体のみを考える Beckmann (1976) 型のモデルを考える．一





 第 4 章では，大域安定性解析手法が，これまで分析が困難とされてきたモデルに対して有効に
働くことを示す．ここでは，都市経済学分野で都市内における多極パターン（複数都心）形成を
表現する代表的モデルと見做されている，本質的に異なる行動原理を持った複数種類の立地主体






 第 5 章は結論である． 
 以上要するに，本論文は，集積経済モデルの汎用的な大域的安定性解析手法を提示した上で，
経済活動の空間的集積・分散メカニズム，特に多極的な集積パターンが生ずる要因を理論的に解
明したものである．導入された大域安定性解析手法は，ここで示されたモデルに限らず，従来，
解析が困難とされてきた多くの集積経済モデルにも容易に適用可能である．従って，局所安定性
解析に基づく方法論との相補的活用によって，今後の空間経済理論の発展・体系化に資する画期
的な成果であるといえる．これらの成果は，土木計画学分野の重要課題である社会基盤整備など
の都市政策の長期的経済効果を予測・評価するための基礎となり得るものであり，経済学・土木
計画学を含む情報科学の学際分野の発展に寄与するところが少なくない． 
 よって，本論文は，博士（情報科学）の学位論文として合格と認める． 
